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Approximately 4 million Americans are infected with 
the hepatitis C virus (HCV), making it a mi^or cause of 
chronic liver disease. Because of the lack of an efficient 
cell culture system, little is known about the interaction 
between HCV and host cells,, We performed a yeast two- 
hybrid screen of a human liver cell cDNA library with 
HCV core protein as bait and isolated the DEAD box 
protein DBX. DBX has significant amino acid sequence 
identity to mouse PLIO, an ATP-dependent RNA heli- 
case. The binding of DBS to HCV core protein occurred 
in an m vitro binding assay in the presence of 1 h NaCl 
or detergent. When expressed in mammnlinwi cells, HCV 
core protein and DBX were co-localized at the endoplas- 
mic reticulum. In a mutant ste^dn ot Saccharomyces cer- 
eviaiaet DBX complemented the function of Dedlp, an 
essential DEAD box RNA helicase. HCV core protein 
inhibited the growth of DBX-complemented mutant 
yeast but not Dedlp-expressing yeast. HCV core protein 
also inhibited the in vUro translation of capped but not 
uncapped RNA. These findings demonstrate an interac- 
tion between HCV core protein and a host cell protein 
involved in RNA translation and suggest a mechanism 
by which HCV may inhibit host cell mRNA translation. 



Hepatitis C virus (HCV)^ was discovered by cDNA cloning in 
1989 and shown to cause chronic liver disease (1, 2). Ap^proxi- 
mately 4 million Americans and 160 million individuals world- 
wide are infected with HCV and at risk for cirrhosis and hep- 
atocellular carcinoma (3-6). Because development of a robust 
cell culture system for HCV infection has r«*mained elusive (6), 
extremely little is known about HCV-host cell interactions and 
how they influence cell physiology or viral replication. 

HCV is a positive single-stranded RNA virus and a naember 
of the Flaviuiridae family ( 1, 7-10). Once HCV infects cells, the 
positive, single-stranded RNA genome is translated into a 
polyprotein of 3010 to 3033 amino acids, depending upor the 
strain (7-10). The viral RNA is not capped, and translation 
occurs via an internal ribosome entry site at the 5' end of the 
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viral RNA (11, 12). The mechanism of translation of uncapped 
viral RNA therefore differs from that used by virtually all 
cellular mRNAs that are capped at their 5' ends. The HCV 
polyprotein is cleaved by both host cell and viral proteases into 
several smaller polypeptides (7-10, 13). The major structural 
proteins are a core protein and two envelope proteins called El 
and E2. The core protein forms the nucleocapsid of the mature 
virion, and El and E2 are present in the viral envelope. A small 
polypeptide called P7 is also generated as a result of cleavage at 
the E2-NS2 ji.mction, but its fanction is not clear. Four m^'or 
nonstructural proteins called NS2, NS3, NS4, and NS5 are also 
generated, two of which, NS4 and NS6, are further processed 
into smaller polypeptides called NS4A, NS4B. NISSA, and 
NS5B. Most of the nonstructural proteins have enzymatic ac- 
tivities that are critical for viral replication. 

After cells are infected with a virus, viral proteins can inter- 
act with host cell proteins and influence cell ph>4iplogy. In 
previous studies, HCV core protein has been shown to bind to 
lymphotoxin-/3 receptor and other tumor necrosis factor recep- 
tor family members (14. 15). A truncated form of tlCV core 
protein also interacts with ribonucleoprotein K in the nucleus 
(16). We now show that HCV core protein binds to a cellular 
RNA helicase and, in experimental systems, inhibits capped 
RNA translation. This provides a novel mechanism by which 
HCV may inhibit mRNA translation in infected cells or recruit 
a cellular protein to enhance its own replication. ' 

EXPERIMENTAL PROCEDURES 
Yeast Two- Hybrid Screen ing-^The Matchmaker Two-Hybrid System 
2 W IS used to screen human liver Matchmaker cDNA library 
HL4002AB (CLONTECHi with the cytoplasmic domain (amino adds 1 
to 123, which precede the first predicted transmembrane segment) of 
HCV core protein as bait in the yeast two-hybrid assay ( 17). library 
screening was performed using previously described methods (18, 19). 
To construct the bait plasmid. DNA encoding amino acids' 1-123 of HCV 
core protein (numbering as in Ref. 8) was 'amplified by PCR with 
pHCV^l ( 13), provided by M, Houghton (Chiron Corp.) as template. The 
HCV sequences in pHCV-1 derive from a library made from the plasma 
of an infectious chimpanzee (13). The amplified DNA was cloned into 
the GAL4 DNA binding domain fusion vector pAS2-l (CLONTECH) to 
yield pAS2-l-HGV<orei_,.j3. Saccharomyces cerevisiae strain Y190 was 
sequentially transformed with pAS2-I-HC V core,_i23 and library re- 
combinants in the GAL4 activation domain Aision vector "pACT2 
(CLONTECH). Positive pACT2-derived plasmids were rescued and 
used to co-transform yeast with pAS2-l-HCV-core,j,23 pLAM5'-l 
(CLONTECH). and pAS2-l to confirm the specifirity of the reactions. 
For analysis of PLIO and Dedlp binding. cDNAs encoding PLlO from 
amino acids 408 to 660 and Dedlp amino adds 368 to 604 (correspond- 
ing to the longest portion of DBX isolated in the two-hybrid rcreen) were 
amplified by PCR firom template plasmids (20). provided by T.-H. Chang 
(Ohio State University). The amplified cDNAs were doned into pACT2 
and used to co-transform yeast with pAS2-l-HCV-core,_,23- DNA se- 
quendng of isolated librar>* plasmid inserts and the bait constructs was 
performed on a 373A Sequencer (Applied Biosystems) at the Columbia 
University Cancer Center DNA core fadlity. Sequence analysis was 
performed using the Wisconsin Package (Genetics Computer Group) 
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and applications available via the internet at the National Center for 
Biotedmology Information World Wide Web site.^ 

In Vitro Binding Assays— A PGR product encoding the cytoplasmic 
domain of HCV core protein (amino acids 1-123) was cloned into pBFT4 
for in vitro transcription-translation (21). DBXcD^A encoding amino 
acids 409 to 662 was excised finom plasmid pACT2 by restriction endo- 
nudease digestion and cloned into pGEX2T (Amersham Pharmacia 
Biotech) to yield pGEX2T-DBX409_662. which expressed a glutathione 
S-transferase (CIST) fusion protein in Esherickia coli. Plasmid constntc- 
tion was confirmed by DNA sequencing. In vitro transcription-transla- 
tion was performed with the TNT T7 Coupled Reticulocyte Lysate 
System (Promega) using L-P*Slmethionine (NEN Life Science Prod- 
ucts). Binding assays were performed as described previously (21). 

Cell Transfection and ConfocH Immunofluorescence Microscopy — A 
PGR product encoding fiill-length HCV core protein (amino adds 1-191) 
obtained using pHCV-1 (13) as template was cloned in-frame into 
pBFT4, which contains an initiation codon and FLAG tag 5' to the 
cloning site. A DNA finagment was isolated by restriction endonuclease 
digestion at sites flanlung tht initiation and termination codons and 
cloned into pSVK3 (Amersham Pharmacia Biotech) to obtain pSVK3- 
FLAOcore for expression of HCV core protein with a FLAG tag at its 
amino terminus. To obtain full-length DBXcDNA, PGR was performed 
using a Marathon-ready cDNA human liver library (CLONTECH) as 
template to amplify the first 1439 nucleotides of OfiUT cDNA, which was 
hgated in-frame into pGEX2T-DBX«9_66a to produce pGEX2T-DBX. 
The coding regsoa of pGEX2T-D3X was isolated by restriction endonu- 
clease digestion and cloned into pBluescript II SK~ (Stratagene) to 
produce pBluescript-DBX. A cDNA containing the 3' 668 nucleotides of 
DBX, excluding the stop cbdon, was amplified by PGR and ligated into 
pBluescript n-DBX to replace the corresponding nucleotides. The entire 
DBX coding region was then excised by restriction endonuclease diges- 
tion and ligated into pcDNA3.1 (-VMyc-His A (Invitrogen) to produce 
pcDNA3.1/His A-DBX-myc, that encoded fiiU-length DBX with a c-myc 
tag at its carboxyl terminus. All plasmid constructs were confirmed by 
DNA sequencing. HeLa or COS-7 cells (ATCC) grown on glass slides 
were transfected with,pSVK3-FLAG-core, pcDNA3.1/HIS A-DBX-myc' 
or botii using Tfic-20 (Promega), or DMRIE-C (Life Technologies. Inc.). 
Cells were washed in phosphaU-buffered saline 48 h after transfection 
and fixed with methanol for 5 min at -20 'C followed by acetone at 
-20 'C for 20 8. Indirect immunofluorescence microscopy was per- 
formetl as described (22). To detect express FLAG-tagged proteins in 
double-labeling experiments, FLAG-probe (Santa Cruz Biotechnology), 
a rabbit polyclonal antibody, was used. To reduce background. FLAG-' 
probe was incubated with COS-7 cells fixed with methanol/acetone at a 
1:100 dilution for 12-16 h before use. Anti-FLAG M2 monoclonal anti- 
body (Eastman Kodak Co.) was used in single-labeling experiments at. 
a 1:200 dilution. Monoclonal anti-c-myc antibody 9E10 (Babco) was' 
used at a 1:1000 dilution. Fluorescein isothiocyanate-coiyugated goat 
anti-rabbit IgC and rhodamine-wnjugated goatanti-mouse IgG second- 
ary antibodies were obtained from Jackson Immune Research Labora- 
tories. Microscopy was performed using a Zeiss LSM 410 confocal laser' 
s^mjmg system attached to Zeiss Axioveit lOOTV inverted microscope 
(Cari Zeiss). Images were processed using Photoshop software (Adobe) 
on a Macintosh G3 computer (Apple Computer). 
. Yeas* Strains-Yeast strain YrC83 IMAT^ dedi::TRPl ura3S2^ 
f^r^S[^^^^^ ^^'^^ Auf3.A200 Ieu2-U pPL1004 (PLIO/CEN/ 
l^^ hJ^^ contains a duomosomal dedl deletion complemented by 
PLW cm A (20). was provided by T.-H. Chang. To obtain a yeast strain : 
deletion complemented by DBX cDNA, full- 
iMigth Daar cDNA was excised from pGEX2T-DBX by restriction endo- 
^^J^}^"^ ligated into pRS315pGl (provided by T.-H. 

da«»7KP; ura3^ lys2-80l ade^lOI trpVM his3 £i2Q0 leu2 Al 
PDED1008 (DEDIICENIURA3)] (20). proZd by T.-H. whi^ 
was tten gnmn on leucine dropout plates. Tranafonnants were repUca- 
pta^rato S-IWirotic add plates as des^ 

* chromosomal dedl deletion 
^^t^ y^DEDI cDNA driven a glyceraldehyde^phosphate 
^FD) proimiter on a centromeric plasmid. the native promoter. 5'- 
^tranaktedr^ 

^^^^ZJf^^Tt ^P^"" ^ PDED1009 iDEDl/CENI 

^Ji^ ^rJ^^^ endonuclease digestion, and 477 5'<oding 
^^^^n^n^-rP'^ by PGR, were then sequentiaUy Sd 
mto this pDEDlOOS^ierived plasmid to yield pD^p^. YeastXain 



YTC75 was then transformed with pDEDopi,. and 5-fluoroorotic acid 
counter-selection was performed to obtain strain YNMIDD (MAT a 
dedl::TRPl ura3-52 lys2'801 ade2-10I trpl-al his3-^200 leu2'^i 
pDEP^^PD (DED1/CEN/LEU2)] . All constructs were confirmed by DNA 
sequencing. 

Effects of HCV Core Protein on Growth of Yeast Strains— The coding 
region for full-length HCV core protein (amino acid 1-191) was excised 
fipom pBFT4 by restriction endonuclease digestion and ligated into 
P423GPD (ATCC) to produce p423GPD^re. The coding region for the 
cytoplasmic domair of HC^V core protein (amino add 1-123) was also 
hgated into p423GPD to yield n423GPD-corei_i23. Constructs were 
confirmed by DNA sequencing. Yeast strains YTC83, YNMIDX. and 
YNMIDD were transformed with p423GPD. p423GPD-core. and 
p423GPD-core,.j23 using the hthium acetate-mediated method (24) and 
grown on histidine-leucine dropout plates for 7 days. Plates were pho- 
togrophed to record colony growth. 

Ef^t of HCV Core Protein on in Vitro Translation—cDNA encoding 
H<IIV core protein from amino acids 1 to 123 was ligated into pGEX4T-3 
(Amersham Pharmacia Biotech) to produce a GST fusion protein (GST- 
corei_,23) in E. coli. Plasmid construction was confirmed by DNA se- 
quencing. pGEM-luc (Promega) was linearlized with Xhol and used as 
a template for luciferase RNA transcription with the RiboMAX RNA 
Production System-SP6 (Promega). When capped RNA was synthe- 
sized. 3 mM ^mGpppG (New England Biolabs) was included in the 
reaction mixture. The DNA template was removed by digestion with 
DNase following the transcription reaction, erd synthesized mRNA was 
purified using the RNeasy Mini Kit (Qiagen). For in vitro translation 
16.5 Ml of Flexi Rabbit Reticulocyte Lysate (Promega) was used ^d 
incubated for 1 h at 4 «C with 8.25 /il of glutathione-Sepharose^iB 
(Ameraham Pharmacia Biotech) loaded with either 300 ng of GOT- 
core,_i23 or GST followed by cehtriTugation for 5 min at 2000 x 
Translation reactions were then perfonned accoHing to the manufac- 
turer's instructions, and luciferase activity was measured, by lumines- 
cence emission using the Luciferase Assay System (Promega) 

' 1 . 



' httpy/www jicbinlnuiih.gov/. 



RESULTS . . 

HCV Core Protein Binding to DBX"— Screening of 8 X Ip® 
recombinants of a human liver cell cDNA iibraiy withft^e 
cytoplasmic domain of HCV core protein as bait in the ye^te 
two-hybrid assay led to the isolation of 5 positive clones, iof 
which encoded portions of DBX; the longest from amino acid 
409 to amino , add 662. T^ie 2 other positive clones encoded 
portions of epsilon 14-3^, a member of the 14-3-3 family of 
proteins that has numerous proposed functions, including ac- 
tivities in signal transduction. DBX is the human orthologue of 
the mouse DEAD box protein PLIO (25-27). PLIO is the func- 
tional orthologue of S. cerevisiae Dedlp, an ATP^ep<;ndent 
RNA helicase for capped mRNA (20). DBX is 95% identical in 
primary structure to PLIO and 54% identical to Dedlp (Fig. 
U). In the yeast two-hybrid assay, HCV core protein interacts 
with DBX and PLIO but not with Dedlp (Pig. ifi). 

We confirmed the interaction between HCV core protein and 
DBX in an in vitro binding assay. The cytoplasmic domain of 
HCV core protein was synthesized! by in vitro translation and 
incubated with GST or a GST ftision protein containing DBX 
from amino add 409 to amino add 6^. Proteins were predp- 
iteted with glutathione-Sepharose, and HCV core protein bind- 
ing was analyzed by autoradiography. HCV core protein did not 
bind to GST but did bind to GST-DBX fusion protein in buffers 
containing NaCl concentrations as high as 1 m (Fig. 2A). Bind- 
ing also occurred in buffers containing 1% of the lionipnic 
detergent Nonidet P-40 (Pig. 2B). 

Co-localization of HCV Core Protein and DBX in Cells— An 
mteraction between HCV core protein and DBX in mammalian 
cells was further supported by their intraceUular co-localiza- 
tion. Indirect confocal immunofluor^cence miaxiscopy of 
transfected HeLa cells showed that fuU-length HCV core pro- 
tein, which contains the cytoplasmic domain and a single trans- 
membrane s^ent, was localized to the endoplasmic reticu- 
lum in discrete fod (Fig. 3A). A similar localization in the 
endoplasmic reticulum has been reported by others (13). Focal 
aggregates of HCV core protein likely arise because ttiis 
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Pig. 1. Primary structures of DBX, 
PLIO, and Dedl and their interac- 
tions with HCV core protein in the 
yeast two-hybrid assay. A, alignment of 
deduced amino add sequences of DBX (Gen- 
Banfa® accession number AF000982), PLIO 
(GenBank® accession number J04847X and 
Deuip (GenBank® accession number 
X57278) is shown. Mentical amino adds are 
shown as white m cyan, Gonserved substi- 
tutions are shown as 6Zadb on mogento. Z)Dte 
represent gaps to optimize alignments, 
whidi were obtained using the Pfleup pro- 
gram. B, two-hybrid assays showing interac- 
tion of HCV core protein with DBX and 
PLIO but not with Dedlp. Yeast strain Y190 
was oo-transfonned with a p1a.smid express- 
ing the cytoplasmic domain of HCV fused to 
tlw GAL4 DNA binding domain axul plas- 
mids expressing dther a portion of D^ or 
the corresponding portions of PLIO or Dedlp 
fused to the GAL4 transcriptional activation 
domain. TVansfonnants giving ^-galactosid• 
ase activity (positive interactions) are blue. 
Control reactions of DBX, PLIO, and Deplp 
GAL 4 activatiun domain fusion protems 
with GAL4 DNA binding domain alone were 
negative (data not shown). 
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Fig. 2. Binding of DBX to HCV core protein in viiro, A a'stand- 
ard amount of ^S>HCV core protein (amino adds 1-123), 10% of which 
is shown in the autoradiogram {lane i), was used in each binding assay. 
^S-HCV core protein was incubated with glutathione-Sepharose {lane 
2): 20 fig of GST coupled to ^utathione-Sepharose ilane 3) in binding 
buffer containing 0.15 m NaCl and 0.2 ftg of GST-DBX fusion protein 
coupled to ghitathione-S^harose in buffers containing the NaCl con- 
centrations indicated above each lane {lanes 4-8). C^utathione-Sepha- 
■ rose was then washed with buffer containing the indicated NaCl con- 
centration, and the bound proteins were elut^ wiUi 4% SDS, subjected 
to SDS-polyacrylamide gel electrophoresis, and detected by autoradiog- 
raphy of dried slabs gels, fi, binding assay aimilnr to that shown in 
panel A in which GST*DBX fusion protein was incubated with *^HCV 
core protein in buffers containing 0.15 m NaCl and 0.05 to 1.0% of 
Nonidet P-40 {lanes 4-6). Migrations of molecular mass standards are 
indicated in kilodaltons at the left of each panel. 



polypeptide multimerizes (28). In cells not expressing HCV core 
protein, DBX had a more diffuse cytoplasmic distribution (Fig. 
3A). In cells expressing HCV core protein, however, DBX was 
found in most instances in discrete fod that oo*localized vnth 
HCV core protein (Fig. SB), The antibodies used to detect the 
respective epitope tags of eadi protein did not cross*react sig- 
nificantly (Fig. 3B). HCV core protein therefiore forms aggre- 
gates at the endoplasmic reticulum membrane with which DBX 



apparently associates. 

DBX Rescues Dedl-deleiion Yeast Mutants and Resctte Is 
Prevented by HCV Core— DBX hkely fimctions oa an ATP-de- 
pendent RNA helicase for cellular mRNA, which can be in- 
ferred from its sequence similarity to moiise PLIO and yeast 
Dedlp (20, 27). To examine the effect of HCV core protein on 
DBX function, we took advantage of yeast genetics and the fact 
that S, cerevisiae has only one essential DBX-like protein, 
Dedlp (20). When driven by a yeast GPD promoter and carried 
on . a centromere plasmid, mouse FLiO cDNA, as described 
previously (20), and DBX cDNA rescued the lethality of cells 
with a chromosomal dedl deletion. This indicates that DBX can 
likely function as a RNA helicase as it can replace the function 
of the yeast DEAD box RNA helicase Dedlp.' Expression of 
full-iength HCV core protein severely inhibited the growth of 
DBX- and PLIO- complemented <2edi-deletion yeast but not 
dedl -deletion yeast complemented wiUi DEDl cDNA driven by 
the same promoter on a centromeric plasmid (Fig. 4). Tkas is 
consisient with the observ^fibn that DBX aind PLIO, but not 
Dedlp, bind to HCV core protein. 'Die cytoplasmic domain^ of 
HCV core protein that binds to DBX, without a traxismembrane 
segment, did not significantly inhibit the griowtii of DBX- and 
PLIO- complemon^ed dedl-deletion yeast (data not shown)^ 
suggesting that inhibition of function may result fi^m trapping 
of these proteins in aggregates at the endoplasmic reticulum 
membrane (see Pig. 3). 

Inhibition of in Vitro Translation of Capped mRNA by HCV 
Core Protein — We examined the effects of HCV core protein on 
the translation of capped and uncapped luciferase RNA in an in 
vitro reticulocyte lysate assay. If HCV inhibits the fimction of 
DBX as a RNA helicase, it should theoretically decrease the 
translation of capped RNA but not significantly affect the 
translation of uncapped RNA. In the in vitro translation assay, 
the cytoplasmic portion of HCV core protein significantly in- 
hibited the in vitro translation of luciferase fitmi capped but 
not uncapped RNA (Fig. 5). Capped RNA translation was ap- 
proximately 4-fold higher than uncapped RNA translation ir 
this assay (data not shown). This finding suggests that HCV 
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Ful. 3. Immunofluorescence local- 
ization of DBX and HCV core protein 
in mammalian cells. A, HeLa cells were 
transiently transfected with cDNA encod- 
ing FLAG-tagged HCV core protein Ueft 
panel) or with cDNA encoding myc-tagged 
DBX {right panel). Cells were incubated 
with monoclonal anti-FLAG or anti-niyc 
(9E10) antibody followed by rhodamine- 
conjugated secondary antibody. HCV core 
protein appears primarily in large! dis- 
crete foci at the endoplasmic reticulum 
membrane, whereas DBX has a more dif- 
fuse cytoplasmic localization. B, co-local- 
ization of DBX and HCV core protein in 
COS-7 cells transiently transfected to ex- 
press both FLAG-tagged HCV core pn)- 
tein and myc-tagged DBX. All cells were 
fixed and incubated with the same combi- 
nation of rabbit anti-FLAG polyclonal an- 
tibody and mouse anti-myc monoclonal 
(9E10) antibody followed by both fluores- 
cein isothiocyante-conjugated goat anti- 
rabbit and rhodamine-conjugated goat 
anti -mouse antibodies. Cells transfected 
to express FLAG-tagged HCV core pro- 
tein alone \lefi column) showed essen- 
tially oTiXy green fluorescence, resulting 
from anti-FLAG and. fluorescein isothio- 
cyanate-coiyugated antibody labeling 
irow Gl Cells transfected to express myc- 
tagged DBX ^ alone- (middle - column i 
showed essentially only red fluorescence, 
resulting from anti-myc and rhodamine- 
" conjugated antibody labeling Irow R). The 
right column shows COS-7 cells co-trans- 
fected to express both FLAG-tagged HCV 
core protein {row G) and myc-tagged DBX 
(row R). Merged images irow M) appear 
yellow where ^/neeri fluorescence corre- 
sponding to HCV core protein localization 
and red fluorescence corresponding to 
DBX localization overlap. 
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core protein may. inhibit the translation of capped mRNA ini 
cells, presumably by inhibiting DBX function. H 

DISCUSSION "I 
HCV core protein binds to the human DEAD box protein.^ 
DBX. DBX rescues the lethal phenotype of rfed 7 -deletion, dem ^ 
onstrating that it can function as a RNA helicase for capped 
mRNA, replacing the essential yeast DEAD box RNA helicase - 
Dedlp. Our findings that HCV core protein prevents DBX from - 
rescuing dedl -deletion yeast and that it inhibits the transia- . 
tion of capped RNA in vitro strongly suggest that it may inhibit 
cellular mRNA translation in vivo. Tliese results, however, . 
cannot establish T translation inhibition occurs as a result of 
HCV core protein inhibiting DBX RNA helicase activity per se 
or by an interaction that results in "trapping" DBX at a location 
near the membrane of the endoplasmic reticulum where in 
cannot function properly. Inhibition of host cell mRNA trans- 



lation could theoretically provide viral RNA molecules with 
enhanced access to ribosomes and the rest of the protein syn- 
thesis machinery of the .cell, a phenomenon shared by several 
different viruses (29). A recent report has shown that high 
levels of expression of HCV structural and nonstructural pro- 
teins is toxic to mammalian cells (30); however, it isjiot clear if 
this toxicity results from inhibition of host cell translation. 
Because the development of a robust cell culture system to 
study HCV has rem.ained elusive, it would be extremely diffi- 
cult to directly investigate the effects of HCV infection on host 
cell mRNA translation. Despite these methodological con- 
straints limiting the ability to directly test the hypothesis, our 
discovery that HCV core binds to DBX and inhibits capped 
RNA translation in experimental assays suggests that it can 
similarly inhibit mRNA translation in infected human cells. 
DEAD box RNA helicases unwind capped mRNA (20), and 
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Fig. 4. Inhibition of DBX and PLIO but not Dedlp by HCV core 
protein. Yeast strains with chromosomal dedl deletion complemented 
with either DBX. PLW, or DEDl cDNAs driven by the yeast GPD 
promoter on centromeric plasmids were transformed with a plasmid 
that expressed full-length HCV core protein itop) or control plasmid 
p423GPD (bottom). The resulting transformants were spread on histi- 
dine, leucine drop-out plates and incubated at 30 '^C for 7 days, and 
photographs (negatives are sHbwh) were taken of; each plate. Note 
colony growth of all yeast strains transfected with control plasmid 
{bottom pa nelsl In contrast, DBX- and conpplemenied decll- 

deletion strains* do not demonstrate significant colony growth when 
HCV core protein vis expressed, wheieas growth of the Z)/?D J-ccmple- 
mented strain is unaffected (fop pane/s): 




Capped.mRNA 



Uncapped mRN A ' 



Fic. 5. Inhibition of translation of capped mRNA in oi/np :by 
-HCV core protein. Rabbit reticulocyte' lysates were incubated with 
glutathione-Sepharose beads loaded with either 300 ng of a GST-HCV 
core fusion protein or GST, In vitro synthesized capped or noncapped 
luciferase mUNAs were translated at 30 X for 90 min, and luciferase 
activity was measured. Results are expressed as the relative luciferase 
activiiie:: produced in reticulocyte lysate-treated equal concentrations 
of GST-HCV coro fusion pr'itcin (shaded bars) or GST {open bars, 
arbitrarily assigned lOOr* activity K Values shown are means ±S.E. 
in ^ 6i. *p < 0.0001; ^, no significant difference. 



inhibition of their function should decrease translation of cel- 
lular mRNA. Inhibition of DBX function by HCV core protein 
may only partially inhibit host mRNA translation in mamma- 
lian cells because they contain other putative RNA helicases 
i31). In contrast, the translation of HCV RNA, which is not 
capped, utilizes interna} ribosome entry sites (11, 12), and can 
be unwound by its own RNA helicase, which is part of the HCV 
NS3 protein i32, 33), and may proceed without DBX. This 
hypothetical mechanism is reminiscent of that used by poliovi- 
rus, which inhibits translation factor eIF-4F (34, 3S) and also 
has RNA with interna! ribosome entry sites (36). In cells. 



eIF-4F exisU as a complex with eIF-4B, which has RNA bind- 
ing activity, and eIF-4A, which is also a DEAD box RNA heli- 
case (37). HCV and poliovirus infection may both therefore 
cause a decrease in the unwinding of capped mRNA in host 
cells. 

In addition to inhibiting capped mRNA translation in in- 
fected host cells, the interaction between HCV core protein and 
DBX may play other possible roles, including the recruitment 
of DBX to participate in HCV replication itself. Recruitment of 
host cells proteins into virions to enhance viral replication has 
been demonstrated in other systems. For example, the princi- 
pal structural protein of ^e human immunodeficiency virus 
HIV-1 binds to cyclophilins and recruits cyclophilin A into viral 
particles, which appearis to be necessary for efficient viral rep- 
lication (38, 39). In a similar fashion, recruitment of DBX into 
HCV particles by binding to core protein may enhance viral 
replication. This could theoretically occur by DBX altering viral 
genomic RNA structure in viral particles in newly infected 
cells. Testing of this hypothesis is limited at the present tune 
because of the lack of an efficient cell culture system for HCV. 

HCV core protein has also been shown to bind to iympho- 
tosin-p receptor and other tumor necrosis factor receptor fam- 
ily members (14, 15) as well as ribonucleoprotein'K (16). In our 
yeast two-hybrid sireen, we did not isolate clones for these 
proteins, possibly because of subtle differences m pur bait con- 
struct and the different cDNA library we used, 'ffie demonstra- 
tion that other proteins interact with HCV core protein sug- 
gests that its expression in cells may have ^ myriad 
consequences. Other groups (40, 41) have also reported that 
HCV core protein represses transcription froci the p53 pro- 
moter and other eukaryotic promoters. The overall effect of 
HCy core,protein on cell physiology .under natural conditions of 
infection is, however, difficult to assess at the present time 
because of liick of a cell culture system for HCVI - ! - 

Finally, it should be noted that the best current treatment 
regimens for chronic hepatitis C are effective in only a minority 
of patients (42). If interactions between HCV and; host cell 
proteins alter cell survival or enhance viral replication, they 
could be rational targets for antiviral drug design. Regardless 
of the physiological significance, the : tight binding of any 
polypeptide to a structural or nonstructural proteip. of HCV 
may potentially inieifere with viral replication. The identifica- 
tion of polypeptides such as DBXJ that bind, to HC>y proteins 
therefore has implications for the design of compounds which 
may be therapeutically useful in the treatment of patients with 
chronic hepatitis C. 
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